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Abstract 
The face has become a popular biometric for identification due to the wide range of features 
and difficulty in manipulation of the metric.  In order to work towards a robust facial 
recognition system, this work contains a foundation for using the face as a recognition 
metric.  First, faces are detected from still images using a Viola-Jones object detection 
algorithm.  Then, Eigenfaces is applied to the detected faces.  The system was tested on face 
databases as well as real-time feed from a web camera. 
Face Detection 
The face detection portion of the work uses the Viola-Jones object detection framework [1].  
The goal of this detection framework is to provide accurate detection rates in real-time. 
Weak Classifiers 
The weak classifier decides whether an image contains the object or not (only true or false).  
The only requirement for a weak classifier is |50% - α| < ε, where α is its accuracy and ε is 
some threshold value.  The weak classifiers determine their answer based on the sum of the 
pixel intensities within feature rectangles. 
The dark areas are subtracted from the sum of the light areas.  The final value 
determines if the weak classifier accepts the image. 
Strong Classifiers 
A strong classifier is constructed by weighting the weak classifiers.  The further the weak 
classifier’s accuracy is from 50%, the larger the weight is for the weak classifier.  If the 
accuracy is less than 50%, the weight is negated. 
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The sum of the weighted results of the weak classifiers form a strong classifier. 
Cascade Classifiers 
Strong classifiers are accurate, but a large set of classifiers would prevent the system from 
being used in real-time.  Classifiers are cascaded in order of strength, if the image fails it is 
immediately rejected, otherwise, it is sent to the next classifier.  This system allows fast 
rejection for images that have no matching features. 
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A sequence of strong classifiers in increasing strength form a cascade classifier. 
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Face Recognition 
Face recognition is accomplished using Eigenfaces [2].  Eigenfaces is the technique of 
finding a low dimensional vector space to represent faces. 
Dimension Reduction 
The dimension of the faces is reduced using principle component analysis (PCA).  The goal 
of PCA is to find a smaller set of vectors that represents the set of data most closely.  The 
face images lie in a high 4096D (64x64 pixels) vector space.  In order to make calculations 
manageable, the vector space was reduced 30D. 
Faces are reduced from a large intensity vector to a small set of coefficients of the low 
dimensional vector space’s basis. 
4096 Dimensional 30 Dimensional A Basis Vector 
Face Projection 
Comparison 
After the faces are projected into the lower dimensional vector space, the face is recognized 
based on the nearest matching set of saved face coefficients. 
The face being tested belongs to person 1, since it is nearest to a person 1 vector. 
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Results 
The results were measured using the Caltech faces database.  The Caltech faces database 
contains 450 images with 29 unique people.  All of the faces are taken from the front.  Some 
variations in lighting and expression are encountered.  The system was developed using 
OpenCV 2.3, the standard for computer vision and pattern recognition tasks. 
Detection 
The detection  module was measured by counting the number of faces in 100 images (105 
faces total) and then the number of correct faces and incorrect faces were counted.  The full 
size images are 896 x 592 pixels. 
Size Used Correct Incorrect Missed Time (sec/img) 
Full Size 105 17 0 0.38 
Half Size 101 3 4 0.095 
Quarter Size 100 0 5 0.023 
The full size images catch objects that aren’t faces, while the quarter size images miss faces.  
Between speed and detection performance, the half size images produce the best results. 
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The recognition module was measured by counting the number of faces recognized correctly.  
Only faces that were detected correctly were tested. 
Faces Unique People Correct Incorrect Accuracy 
101 26 74 27 73% 
Conclusion 
The Viola-Jones object detection framework is very accurate, with the training set used, but it 
runs at less than real-time rates.  The Eigenfaces technique runs very quickly (around 0.2 
milliseconds per image), but the accuracy is only 73% for the test set. 
 
This system is a foundation for future research and encounters the problems found in modern 
face recognition literature.  The main problem, faced when using the Caltech faces database, 
is the variation in lighting. 
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